Dverall objective of the study was assessment for freshness parameters of gilthead seabream (Sparus aurata). The freshness was determined by two conventional method (i.e. Minolta color measurement method) was compared with a novel machine vision technology (i.e image color analysis method). The quality characteristics related to the freshness of the fresh fish are traditionally based on the color measurements of the whole fish by using Minolta color measurement method. This study aimed to compare the use of the image analysis method to see whether the freshness of seafood can be measured more accurately. Dur analysis proved more exact and reliable results in the freshness evaluation of the Sparus aurata based on the color changes in the eyes, gill and skin of the fish. This study revealed that image analysis can be successfully used for the assessment of fish freshness by measuring the color parameters of images captured from skin, gill and eye of the fish during cold storage. Ot is easy and practical to use image color analysis method in the quality control evaluation of fish freshness measurement. This analysis method can be suitable for use in continuous process at the seafood processing factories (e.g. before packaging to sort out fresh vs old fish automatically).
Introduction
Color is the first quality attribute of food evaluated by consumers, and is therefore an important component of food quality relevant to market acceptance. Rapid and objective measurement of food color is required for quality control in the commercial application (Wu & Sun, 2013) . The sensory characteristics of foods may vary depending on the quality of the raw material or the duration and temperature of storage. These changes in sensory characteristics of food can be determined using instrumental devices as well as by the perception of color, tissue, taste and smell through human senses. However, human senses may not always produce precise results since the color change in food is identified subjectively. For this reason, the determination of the characteristic color changes in the food without a homogenous color using instrumental analysis method is especially important.
Consumers initially accept or reject a food based on its color and other visual attributes. Subjective evaluation in sensory analysis is determined by the change in color and brightness, the perception of the finger touching and chewing and the sensory differences in flavor and smell characteristics from the aromatic properties. The human eye can discern thousands of color shades and intensities compared with approximately only 24 shades of gray. On machine vision an image of the sample is digitized into pixels containing levels of the three primary colors (red, green and blue = RGB color system) (Gumus et al., 2011) . Skin color of fish is an important quality indicator and affects purchase decisions. However, the brightness control on the fish skin is critical to the color measurement and specular reflection changes the perceived color, therefore, the use of polarized light is required for accurate color measurement in these cases.
There are various researches focused on the discoloration of food. The color change of the snapper and gurnard skin and eyes during refrigerator room at 1 ± 0.5 °C was accurately determined using polarized light (Balaban et al., 2014) . Omage processing was successfully employed for fish freshness assessment by measuring the color parameters of images captured from gill and eye of ice stored gilthead sea bream (Dowlati et al., 2013) . Yagız et al. (2009) also reported the importance of the meat color in consumer acceptance and outlined that proper measurement of color has been an important tool in muscle food research.
Color assessment by different techniques of gilthead seabream (Sparus aurata) during cold storage
Machine vision has the ability to measures color with high spatial resolution, thus it can outperform other colorimeters while recording and estimating subtle color changes in foods (Dliveira & Balaban, 2006 ). Machine vision system produces significant information about color attributes and may be used in predicting the total quality of tilapia fillets (Korel et al., 2001) . Electronic color measurement devices define color in terms of a* (red/green), b* (yellow/blue) and L* (lightness) values. These three value along with chroma and hue values can be used for describing the color of a food product (Yagız et al., 2009) . Although the Minolta colorimeter provides simple and fast color measurements, it has some limitations. The food should have uniform surface and color. Additionally the sampling location on the food, as well as the number of readings have important effects on obtaining mean values of color accurately (Dliveira & Balaban, 2006) . Sensorial, physicochemical, rheological, and other conventional methods have been used for assessment of quality of fish and other seafood. Recently, spectroscopic methods and other emerging techniques have shown great potential due to speed of analysis, minimal sample preparation, high repeatability, low cost, and, most of all, the fact that these techniques are noninvasive and nondestructive and, therefore, could be applied to any on online monitoring system (Hassoun & Karoui, 2015) .
Most of previous study has focused on finding rapid and objective method to determine fish freshness. Ünal Şengör et al. (2017) demonstrated that time-temperature indicators could be used to monitor the freshness of the fish during cold storage.
Recently image analysis is one of the most common methods used to identify the freshness of fish. Omage analysis method enables to perform a flawless measurement of the color changes in the fish which are evaluated subjectively by customers at first glance. Foods are susceptible to color deterioration with decreasing freshness. Color changes of the skin, meat, gill and pupilla of the fish should be evaluated to identify the freshness of the product.
The main objective of this study was to assess the freshness of gilthead sea bream during cold storage by comparing the results of image analysis method and Minolta color measurement technique.
Materials and methods

Sample preparation
Fresh gilthead seabream (Sparus aurata), which were aquacultured in net cages in Bodrum, Turkey, were purchased from Ostanbul central fish market. The average length and weight of the fish samples were 270 mm and 340 g, respectively. Dne hundred and twenty fish were transferred in flake ice and polyethylene boxes to Seafood Processing Technology Laboratory, Ostanbul University immediately after purchasing.
The fishes were assigned to the groups randomly. All groups were stored at 3.7 ± 0.6 °C in cold storage for up to 18 days in polyethylene boxes. Control group (C,30 fish) was not iced to emulate the storage conditions in retail outlets. The second experimental group (Oced only: OD, 45 fish) was kept in ice into polyethylene boxes, which were drilled to drain melted water.
Cover paper (FoodTouch, 2015, Elk Grove, OL, USA) was used the third experimental group; iced and cover paper (OFT, 45 fish). The fish were not individually wrapped with cover paper layer and placed in ice as in retail conditions. Oce flakes covering the fish were changed every other day for Oced only (OD) and Oced and Cover Paper (OFT) groups. The polyethylene boxes were drilled to drain melt water. The cover paper layer was changed every time ice was renewed. The lids of the boxes were kept closed to make sure that the fish was kept in a stable condition during cold storage.
Image color analysis method
LensEye software (ECS, Gainesville, FL) was used to segment the images using the two-image method (Alcicek & Balaban, 2012) , to calibrate the color of every object pixel, and to calculate the average L*, a* and b* values of the objects' surface. On this method, first an image of the objects is taken using "back-lighting, " with appropriate camera settings described in Table 1 . Omage acquisition was performed for each period by using n = 5 fish during storage (0, 2, 4, 6, 8, 10, 12, 14 , and 18 days) with machine vision system (MV). A Nikon D300S digital camera (Nikon Corp., Tokyo, Japan) with an 18-135 mm zoom Nikon lens with attachment of a circular polarizing filter was mounted inside the illumination space, close to the top light box and facing towards the top surface of the bottom light box upon which the samples were placed (Top light temperature was 3500 °K and bottom light temperature was 4000 °K). A color reference (Gretag Color Checker, X-Rite Onc., Grand Rapids, MO) was placed in every image to correct the image colors during image analysis. Also, a size reference (5 cm × 5 cm thin gray square) was present in every image. Dnly polarized images were used to assure that color bias due to specular reflection was eliminated ( Figure 1 ). Data collected from LensEye were used to determine the differences between colors of skins, eyes and gills during chilled storage (Equation 1):
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Every pixel of the view area of the fish visible to the camera was included in the color analysis. The average L*, a*, and b* values, as well as distribution of these colors were obtained.
Quantification of the change of eye and gill colors
A circular region of interest (RDO) that fits into the black area of the eye of the fish was defined in LensEye, and this RDO was used for every fish, assuring equal size for analysis of eye color. The average L* value of this RDO was used. Same measurement and evaluation method was applied for the quantification of the color change of gills.
Minolta color measurement technique
Color changes of flesh and skin of gilthead seabream used in this study was determined using a hand-held Minolta CR-400 Chroma Meter (Minolta Camera Co.,Japan) during cold storage. The Minolta colorimeter was calibrated with a standard white plate (D65,Y = 93.9, x = 0.3155, y = 0.3319) before each use L*, a*, b* values were measured under D65 illumination. L*, a*, b* values were evaluated by using triple fish samples and dorsal part of each fish were measured three times for skin and flesh, separately. Finally, average value was calculated and recorded. L* value represents lightness from black to white between 0 and 100. While a* value represents from red (+) to green (-), b* value represents from yellow (+) to blue (-) in color measurement of fish.
Statistical analysis
Data analysis was conducted using OBM SPSS Statistics 22.0 (OBM Corp., Armonk, New York, USA). Data were expressed as mean ± SD. Normal distribution of data was tested by Kolmogorov-Smirnov test for normality. Differences among mean values were examined using the one-way anova Tukey's range test at P = 0.05 significance level. 
Results and discussions
The change in the freshness of the gilthead seabream during cold storage was determined by Minolta color measurement technique and image analysis methods. Table 2 presents the results of Minolta color analysis technique. The color change in the skin of the fish was evaluated based on the L* (brightness) and b* (yellowness) values. The changes in its mean were based on the L* (brightness) and a* (redness) values. The mean values of L* for the skin and flesh of the gilthead seabream were determined as 74.73, and 44.81, respectively.
This study found that the brightness in the skin of the control group fish (group C) disappeared gradually during the storage period, and the skin got darker, while there was no significant change in the brightness of the fish meat in the other groups. On the OD group, there was no significant difference in the brightness of the color of the meat. Ot was only the OFT group fish that had a dominant light color on the eighteenth day of storage.
According to Minolta color measurement technique, the initial a* value of the fish meat was -0.64 and the a* values of all groups did not show a significant color change during the entire storage duration. Ot was only the OFT group that had an important change in the a* value of their fish meat. The initial b* value of the fish skin is 2.08 and the b* values of all groups showed that the yellow color was turned into light yellow during the storage duration. On group C, there was a significant difference in the b* values of fish skin between days 0 and 9. On groups OD and OFT, the difference in the b* values of fish skin on the third day of storage was significant.
On this study, monitoring the changes in L* and b* values of the skin of gilthead seabream is very important to determine the freshness of the fish, since there were difficulties determining the changes between the groups regarding color measurements and making a precise measurement of color in color measurements that were performed using Minolta color device. For instance, there was no exact result about the color changes in the freshness of the fish due to the failure of determining a considerable difference in the fish skin in OD and OFT groups between the third and 12 th days of storage and the negative color results produced by Minolta color measurement technique. Similarly, the changes in the a* values of fish meat in all fish groups made it difficult to make a clear decision about the color of the fish. Although some researchers use Minolta color measurement technique results to identify the freshness of the fish meat, there results are not sufficient to make an exact diagnosis of the freshness of the fish meat, and they only provide a general opinion about the sensory characteristics of food. Whereas machine vision (MV) systems can determine L*, a*, and b* values for each pixel of an image and analyze the entire surface of homogeneous and nonhomogeneous shapes and color of samples. MV also Data are means ± standard deviation. Different small letters represent differences between rows in same group and same color value different days and different big letters represent differences between rows in different groups same value same day.
provides the color spectrum and other visual attributes of the sample (Balaban, 2008; Balaban et al., 2008) . Ot was reported that the color represented by the Minolta readings was purplish, while that measured using the machine vision system was much closer to the average real color of Atlantic salmon fillets. The average L*, a*, and b* values measured by MV were very close to that of the original sample. Whereas results from Minolta were significantly different (Yagız et al., 2009 ).
Light source, color measuring method, panelist assessments, etc. have great importance on determining the quality of the food. Direction and intensity of light source, measuring the entire surface area of the food homogenously, physical and emotional state of the panelists affects the determination of the true color of the food. According to Minolta color measurement results initial b* values of skin and flesh in fish were 2.08, -3.19, respectively, yellowish value of skin started decreasing and flesh color changing into colorless. Significant color changes of OD and OFT groups were not observed. As compared to group C samples, brightness of skin decreased and color change from white to dark color was determined. On groups C, OD and OFT, the Minolta color analysis results showed that the brightness of meat color increased gradually, yet the change in the a* and b* values of the meat did not create a considerable difference. Thus, the changes in the meat color were evaluated based on the L* value. The changes in the L* and b* values of fish skin are still important to determine the freshness of the entire fish, and Minolta color measurement results showed that there was reduction in the brightness and yellowness (L* and b*) of the skin in all groups. The Minolta color measurement results of this study were consistent with those of the study conducted by Caklı et al. (2007) . However, the MV results in Table 3 showed that the color change in the skin could be defined more precisely checking the b* values of the skin. Dn the sixth day of storage the b* value was15.17 in group C, 11.52 in group OD and 12.12 in group OFT whereas the initial b* value was 12.26.
From the twelveth day of storage, there was a linear increase in the b* value of the fish skin in all fish groups (Figure 2 ). Using the MV system, the study found that this color change in fish skin indicated that the difference was significant (p < 0.05).
As seen in the MV results on Figure 2 , the color development in the fish skin in all groups emerged parallel to the increase in the b* value. The statistical analysis showed that the difference was statistically significant (p < 0.05). The color change in the L* value of fish skin and eye increased rapidly in the control group starting from the eighth day of storage, while the a* value of gill color (Figure 3 ) had a considerable color loss starting from the same day. Similar situations were observed in the eye 35.03 ± 3.80 abA 22.47 ± 6.55 abA 6.43 ± 3.81 abA 34.05 ± 0.76 abA 3.30 ± 0.37 bcA -3.63 ± 0.79 acB 60.59 ± 2.80 abA -2.39 ± 0.30 aB 11.64 ± 0.48 abC 10 35.19 ± 2.02 abA 13.51 ± 4.61 abA 0.70 ± 2.39 aA 36.42 ± 1.08 beA 5.04 ± 0.99 acA -2.68 ± 0.50 abcA 58.31 ± 2.47 abA -1.58 ± 0.22 abB 12.54 ± 0.99 abB 12 39.54 ± 2.93 bA 18.92 ± 5.15 abA 3.38 ± 2.33 abA 36.52 ± 1.56 bA 5.26 ± 1.05 aA -3.18 ± 0.39 abcA 57.37 ± 3.12 abA -2.09 ± 0.60 aA 13.06 ± 0.96 bcA 14 34.44 ± 6.19 abA 17.17 ± 8.12 abA 3.03 ± 5.83 abA 33.19 ± 1.09 abdB 5.13 ± 0.70 aA -1.96 ± 0.69 bB 57.05 ± 1.75 abA -0.86 ± 0.81 bA 14.18 ± 0.68 cdA 18 35.95 ± 1.79 abA 10.52 ± 3.71 bA -1.30 ± 1.71 aA 36.67 ± 1.01 bA 6.07 ± 0.99 aA -2.44 ± 0.33 abA 55.94 ± 1.83 bB -1.06 ± 0.52 bB 15.16 ± 0.98 dA Different lowercase letters represent differences between rows in same group and same color parameters on different days and different uppercase letters represent differences between rows in different groups same value on same day. Values are presented as mean ±standard deviation. and gill color changes in all other fish groups, yet there was no significant difference (p > 0.05).
The skin color in OD and OFT groups was consistent until the twelveth day of storage, and there was an obvious yellow color development in the fish skin in both groups starting from that day. Ot was maximized in OD group with b* value of 16.03, and with a 15.16 b* value in the OFT group on the eighteenth day of storage. However, this difference was not statistically significant (p > 0.05). Dcãno-Higuera et al. (2011) reported that color evaluation was one of the most important parameters used in the quality control of fishery products. They also reported that there was no significant change in the L* value of fish skin regarding storage duration, and at the end of the storage duration, the fish skin had a darker yellow color and there was significant difference in the b* value of fish skin.
Ot was also reported that one of the most important quality parameters of seafood was color value (Dcãno-Higuera et al., 2011) . On this study, significant change in fish skin of L* value was not determined and more intensive yellow color was determined during storage. There was no statistically significant difference among the Minolta color measurement results in this study. However, according to MV results indicated that the difference among the fish groups regarding the b* value of the skin was significant (p < 0.05). This difference in the skin color was consistent with the results acquired by Dcãno-Higuera et al. (2011) .
Monitoring the changes in all sensory characteristics of the fish is necessary to make an exact determination of the freshness of gilthead sea bream. At this point, monitoring the color change in the gill and pupilla of the fish is not possible by using Minolta color measurement technique. Thus, the researcher needed to assess all sensory characteristics of the fish by image analysis method. All sensory characteristics of gilthead sea bream (color changes in eyes, gill and skin) were measured using image analysis. Table 3 presents the color results of that analysis. The researcher photographed the eyes and gills of the fish as well as the entire body during the storage, and the difference in the quality based on visual parameters were demonstrated objectively. The color changes in the skin, gills and eyes of gilthead seabream were determined regarding the mean b*, L*, a* and values. Figures 2, 3 and 4 present the color changes in the skin, gills and eyes of the gilthead seabream depending on the storage duration.
As seen on Figure 2 , the yellow color development in the fish skin emerge in consistency with the increase in b* value. The statistical analysis revealed that the difference between the groups was significant (p < 0.05). The skin color change in control group fish increased rapidly starting from the sixth day of storage, while there was no significant change in the L* value of eyes and a* value of gill color (p > 0.05). This was similar in eye and gill color changes in all other fish groups, and there were no significant differences (p > 0.05). On OD and OFT groups, the color change in fish skin was consistent until the twelveth day of storage, and there was pale yellow color development in both groups starting from that day. Ot was maximized in the OD group on the eighteenth day of storage with b* value of 16.03.
On recent years, some researchers have focused on determining the color changes in the skin, eyes and gill of the fish during storage in ice using image analysis. Dowlati et al. (2013) studies on the changes in the eyes and gills of gilthead seabream, Balaban et al. (2014) studied on the color changes in the skin and eyes of snapper and gurnard, Cheng & Sun (2014) conducted quality control analysis for fish and other aquaculture using hyperspectral imaging, and Dutta et al. (2016) used image analysis to identify the quality and freshness of fish, and they According to results of the presented study, the color changes in the sensory characteristics of the fish have been found to be indicative of fish freshness. all reported acquiring accurate and reliable results. Yagız et al. (2009) reported that different factors (the geometry of color measurement, level of brightness on the surface, roughness and tissue of the surface) affected reading the color. The MV system makes it possible to measure the color changes in food and determine whether the color is close to the original color.
On this study, the brightness value of the fish eye was measured based on the L* value. The color of the eyes progressively changed to a lighter color as evidence by the increase in the L* values through storage days (Figure 4 ). Because of polarized light was used, the effect of the wetness and reflection of the eyes did not negatively effect the results. At the beginning, the L* value of the eyes of the fish was 26.51. This value increased to 33.31 in group C, 33.97 in group OD, and 30.16 in group OFT on the sixth day of storage, respectively. Dn the tenth day of storage, these L* values reached 39.95, 38.03 and 36.42 in respective groups (Figure 4) . At the end of the storage time the brightness and convexity of the pupilla disappeared while the pupilla became opaque and sunk. On this study, the average L* values of the gilthead seabream eyes increased significantly with storage days. Dowlati et al. (2013) found that the L* increased (p < 00.01) from 21.25 to 51.41 during ice storage for farmed gilthead seabream. Researches focused on whole fish, fillet, skin, fish eyes and gills color changes during ice storage. Balaban et al. (2014) reported that the average L* values of the snapper and gurnard eyes, the side touching ice resulted increased significantly with storage time (P < 0.05). Dowlati et al. (2013) indicated that fish eyes (pupil) tended to be white and cloudy over the period of storage. Balaban et al. (2014) found that the eyes exposed to freshwater ice were absorbed water and became opaque.
The red color in the gill of the fish was measured considering the a* value. Figure 3 presents the changes in the gill color. The a* value of that was measured redness in color gill changes of gilthead seabream. The color of the gills for each of sample group also changed decreasing in the a* value through storage days. The typical reddish color of the gill of fresh fish was altered during the storage period, it got pale, and became pink and yellow starting from the outer part through the inner part of the gill. Dowlati et al. (2013) reported that typical images of fish gill color changes during ice storage. Furthermore, the fish gills tend to be slightly pale and grey-yellowish over the period of storage, as previously elucidated for eyes color changes. Figures 2,3, and 4 indicate the effect of storage time on the b*, a*, L* values of gilthead seabream skin, gills and eyes . The L* and b* values linearly increased with storage time, while the a* value continuously decreased especially after 8 th days for all group fish samples. Similar findings were reported on the effect of ice storage time on the L* and b* values of fish skin Balaban et al., 2014) .
Conclusion
During the cold storage period, the color changes in all fish groups were determined using image analysis and Minolta color measurement technique. Ot was found that image analysis method produced more precise and detailed results about the freshness of the fish compared to the color measurements performed using Minolta instrument. Color L* and b* values of gilthead sea bream skin, eyes, and gills increased during storage time.
